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ABSTRACT 


Ketamine  has  been  advocated  for  the  induction  of  anesthesia  in 
the  acutely  hypovolemic  patient  because  of  its  ability  to  preserve 
blood  pressure  which  is  mediated  by  catecholamine  induced 
vasoconstriction.  Thiopental  causes  a  decrease  in  blood  pressure  and 
vasodilation,  which  are  exacerbated  during  hypovolemia.  The  effects 
of  anesthetic  induction  doses  of  ketamine  and  thiopental  were 
evaluated  in  a  hypovolemic  swine  model.  Sixteen  acutely 

instrumented  swine  were  mechanically  ventilated  with  N2O  (70%) 
and  O2  (30%)  and  hemorrhaged  to  a  mean  arterial  blood  pressure  of 
40  mm  Hg.  After  15  minutes  of  stabilization,  ketamine  (6  mg/kg)  or 
thiopental  (6  mg/kg)  was  administered  as  an  intravenous  bolus  to 
simulate  the  induction  of  anesthesia.  Hemodynamic  measurements 
from  a  pulmonary  artery  catheter  were  made  at  baseline  and 
hemorrhage  states,  and  1,  5,  15,  and  30  minutes  after  drug 
administration.  Cardiodynamics  consisting  of  myocardial 

contractility  (Ees)  and  left  ventricular  function  were  assessed  from 
the  end-systolic  pressure-dimension  relationship  (ESPDR)  and 
pressure-dimension  (PD)  loops  respectively.  These  cardiodynamics 
were  generated  from  sonomicrometer  crystals  and  a  pressure 
transducer  placed  in  the  left  ventricle. 

Thiopental  but  not  ketamine  significantly  depressed  Ees  (P  < 
0.05).  Both  anesthetics  significantly  increased  end-diastolic 
dimension  (Ded)  and  end-systolic  dimension  (Des).  Thiopental 
increased  mean  pulmonary  artery  pressure  (MPAP)  and  pulmonary 
vascular  resistance  (PVR).  Ketamine  increased  PVR.  Ketamine  but 
not  thiopental  decreased  cardiac  index  (Cl)  and  increased  systemic 
vascular  resistance  (SVR).  Pulmonary  capillary  wedge  pressure 
(PCWP)  was  significantly  elevated  by  thiopental  but  not  by  ketamine. 
The  PD  loops  obtained  demonstrate  similar  pressure  and  dimension 
shifts  for  ketamine  and  thiopental,  returning  to  their  hemorrhaged 
state  by  5  minutes. 


Both  ketamine  and  thiopental  depress  cardiac  function  in 
hypovolemic  swine,  but  thiopental  has  a  greater  myocardial 

depressant  effect.  The  ESPDR  and  PD  loop,  together  with 
hemodynamic  measurements  allow  a  thorough  evaluation  of  cardiac 
function  coupled  to  the  vascular  system.  The  effects  of  induction 
doses  of  various  anesthetics  may  be  ascertained  utilizing  this 
methodology. 

INTRODUCTION 

Anesthetic  induction  in  the  acutely  traumatized  ,  hypovolemic 
patient  is  difficult  because  of  the  need  to  balance  adequate 
anesthesia  with  hemodynamic  stability.  Intraoperative  awareness 
from  inadequate  levels  of  anesthesia  is  a  recognized  post-operative 
complaint  of  trauma  patients.1  The  extent  of  hypovolemia,  although 
usually  corrected  prior  to  the  induction  of  anesthesia,  may  not  be 
recognized.  Trauma  patients  may  present  for  emergency  surgery 

awake  and  responsive  with  stable  vital  signs,  their  hypovolemia 
masked  by  elevated  sympathetic  tone.  In  addition,  the  urgency  of 
surgery  may  not  allow  sufficient  time  for  fluid  resuscitation. 
Therefore,  it  may  be  necessary  to  induce  anesthesia  in  relatively 

hypovolemic  patients. 

Thiopental  is  the  most  commonly  used  intravenous  agent  for 
anesthetic  induction  because  of  its  rapid  onset.  However,  it  may 
cause  depression  of  the  myocardium  and  peripheral 
vasculature.2’3’4  Ketamine  has  been  advocated  for  anesthetic 
induction  for  the  hypovolemic  patient  because  of  its  ability  to 
maintain  blood  pressure  and  heart  rate  through  its  central 
sympathomimetic  effect  with  the  concomitant  release  of  endogenous 
catecholamines.5'6  However,  ketamine  can  also  produce  direct 
myocardial  depression.  7>8’9 

Cardiac  output  is  a  function  of  four  basic  parameters:  preload, 
afterload,  heart  rate  ,  and  contractility.  It  has  been  demonstrated  in 
animals  that  depression  of  cardiac  function  during  shock-like  states 
may  be  attributed  to  depression  of  contractility  as  well  as  preload.10 
Ketamine  and  thiopental  have  been  studied  utilizing  (dP/dt)max,8  a 

preload  dependent  index  of  contractility.  Since  both  preload  and 


afterload  vary  rapidly  in  shock-like  states,  this  index  could  be 
inaccurate.  Therefore  ,  a  measurement  of  contractility  independent 
of  loading  conditions  and  heart  rate  would  be  preferable  in  a 
hypovolemic  model. 

The  end-systolic  pressure-volume  relationship  (ESPVR)  yields 
a  measure  of  contractility  (Ees)  that  is  independent  of  heart  rate  and 
loading  conditions.11  Together,  the  ESPVR  and  the  pressure-volume 
loop  area  provide  measures  of  :  1)  myocardial  oxygen  consumption 
2)  coupling  of  the  heart  and  peripheral  vasculature  3)  the  efficiency 
of  the  heart  as  a  pump.12  A  variation  of  this  concept,  the  end- 
systolic  pressure-dimension  relationship  (ESPDR)  has  been  used 
successfully  in  vivo  to  assess  effects  of  anesthetics  on  myocardial 
function.13'14  The  ESPDR  has  also  been  used  to  assess  contractility  in 
animal  shock  models.  10d5  Therefore,  the  effect  of  anesthetics  on 
cardiac  function  may  be  assessed  by  the  ESPDR  during  rapid  changes 
in  peripheral  vascular  loading  conditions,  as  in  acute  hemorrhage. 

The  purpose  of  this  study  was  to  assess  the  effects  of 
anesthetic  induction  doses  of  ketamine  and  thiopental  on  myocardial 
contractility  and  function  utilizing  the  ESPDR  in  a  hypovolemic  swine 
model.  Prior  studies15'16  have  examined  the  hemodynamic  effects  of 
these  agents  on  hypovolemic  swine.  However,  the  effects  of  these 
anesthetics  have  not  been  evaluated  in  a  hypovolemic  animal  model 
utilizing  the  ESPDR.  This  information  may  be  useful  in  evaluating  the 
response  of  hypovolemic  patients  to  anesthetic  induction  with  these 
agents. 


METHODS 

Under  an  approved  animal  use  protocol,  16  Yorkshire  swine 
weighing  18-23  kg  were  anesthetized  with  halothane  in  a  mixture  of 
N2O  and  02,  and  their  tracheas  were  intubated.  Atracurium  was 
used  for  muscle  relaxation.  Anesthesia  was  maintained  with 
halothane,  N2O,  and  O2.  Ventilation  was  controlled  to  maintain 
normocarbia.  End-tidal  CO2  and  halothane  concentration  were 
monitored  continuously  with  an  Ohmeda  6000  gas  analyzer.  Animals 
were  ventilated  with  an  Air  Shields  ventilator  to  maintain  end-tidal 


CO 2  between  30  and  35  mm  Hg.  A  20  gauge  catheter  and  8.5  Fr 
introducer  were  placed  via  cutdown  in  the  femoral  artery  and  right 
internal  jugular  vein  respectively.  An  intravenous  infusion  of 
lactated  ringers  solution  (6  ml/kg-hr)  was  given  through  the  jugular 
line.  A  7  fr  pulmonary  artery  catheter(PAC)  (American  Edwards 
Laboratories)  was  floated  to  the  the  wedge  position  for 
measurement  of  cardiac  output  (CO),  mean  pulmonary  artery 
pressure  (MPAP),  pulmonary  capillary  wedge  pressure  (PCWP),  and 
central  venous  pressure  (CVP).  Cardiac  output  was  measured  in 
triplicate  (5  ml  of  0.9%  NaCl  at  room  temperature)  using  an  Edwards 
Model  9520A  analog  computer.  Cardiac  index  (Cl),  pulmonary 
vascular  resistance  (PVR),  and  systemic  vascular  resistance  (SVR) 
were  calculated  from  the  PAC.  Oxygen  saturation  via  pulse  oximetry 
(Ohmeda  Biox  3700)  was  monitored  along  with  the  ECG. 
Temperature  was  maintained  with  a  heating  blanket  and  the  use  of 
humidified  inspired  gases. 


Instrumentation 

Through  a  left  subcostal  incision,  the  animals  were 
splenectomized  to  minimize  the  effects  of  autotransfusion,  which  is  a 
physiologic  response  to  hemorrhage  in  swine.17  A  median 
sternotomy  was  then  performed  and  an  umbilical  tape  with  snare 
was  placed  around  the  inferior  vena  cava  (IVC)  to  vary  preload.  The 
heart  was  suspended  in  the  pericardial  sac  and  2  sonomicrometer 
crystals  (Triton  Technology,  San  Diego,  CA)  were  implanted  in  the 
anterior  and  posterior  walls  of  the  left  ventricle  (LV).  Signals  were 
amplified  using  a  polygraph  recorder,  with  analog  to  digital 
conversion  at  200  Hz  and  analyzed  on  an  IBM-AT  compatible 
computer.  A  5  mm  hi-fidelty  pressure  transducer  (Konigsberg 
Instruments,  Pasadena,  CA)  was  inserted  through  the  apex  of  the  left 
ventricle  for  measurement  of  LV  pressure. 


Experimental  Protocol 


At  the  conclusion  of  surgery,  the  incisions  were  approximated, 
halothane  was  discontinued,  and  anesthesia  was  maintained  with 
N2O  (70%)  ,  O2  (30%),  and  atracurium.  Periodic  arterial  blood  gas 
analysis  confirmed  the  end-tidal  CO2  analysis  and  allowed 
maintenance  of  normal  acid-base  status  and  PO2  greater  than  100 
mm  hg. 

Generation  of  pressure-dimension  loops  and  calculation  of  Ees 

When  the  end-tidal  halothane  concentration  was  less  than  0.1%, 
baseline  control  (BC)  hemodynamic  measurements  were  obtained. 
Pressure-dimension  (PD)  loops  were  generated  by  occluding  the  IVC. 
This  caused  a  sudden  drop  in  left  ventricular  pressure  and  dimension 
over  a  10  second  recording  period.  IVC  occlusion  ceased 
immediately  after  the  recording  period.  Ventilation  was 
discontinued  during  occlusion  to  remove  respiratory  artifact  from  the 
PD  signal.  The  ESPDR  was  determined  by  fitting  a  least  squares  line 
to  the  seven  end-systolic  points  exhibiting  the  greatest  combined 
pressure  and  dimension  drop  during  an  IVC  occlusion.  The  slope  of 
this  line  (Ees)  is  a  measure  of  contractility  (fig  1).  End-diastolic 
dimension  (Ded)  and  end-systolic  dimension  (Des)  were  also 
recorded. 

After  baseline  control  data  were  obtained,  the  animals  were 
hemorrhaged  in  50  ml  aliquots  to  a  mean  arterial  pressure  of  40  mm 
hg.  The  swine  were  left  undisturbed  for  10-15  minutes  to  allow  for 
a  new  steady-state.  Repeat  hemodynamic  measurements  and  PD 
loops  were  obtained  at  this  hemorrhaged  state  (H).  Thiopental  (6 
mg/kg)  or  ketamine  (6  mg/kg)  was  given  as  an  intravenous  bolus  to 
simulate  the  induction  of  anesthesia  and  replicate  hemodynamic  data 
and  PD  loops  were  obtained  at  1,5,15,  and  30  minutes  after  injection 
(HI,  H5,  H15,  H30  respectively).  After  completion  of  the 
experiment,  animals  were  sacrificed  via  lethal  intravenous  injection 
(T-61  euthanasia  solution). 
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Cardiodynamic  (Ees,  Ded,  and  Des)  and  hemodynamic  data  were 
analyzed  with  ANOVA  for  repeated  measures  testing  followed  by  a 
Fischer  Least-Significant-Difference  test  for  paired  comparisons.  A  p 
<  0.05  was  considered  statistically  significant. 

RESULTS 

The  mean  weight  and  hemorrhaged  blood  volume  were  similar 
for  each  group  and  are  shown  in  table  1.  All  animals  demonstrated 
appropriate  physiologic  responses  to  hemorrhage  with  increased 
heart  rate  and  decreased  MAP. 


Thiopental 


Hemodynamic  parameters  for  thiopental  are  shown  in  table  2. 
Cardiodynamic  parameters  obtained  from  the  ESPDR  and  the  PD  loops 
are  shown  in  table  3.  Figure  2  shows  the  PD  loops  at  baseline  control, 
hemorrhage,  and  one  minute  after  administration  of  thiopental. 
Statistically  significant  increases  in  HR  and  Ees  were  observed  after 
hemorrhage.  MAP,  PCWP,  Cl,  Ded,  and  Des  significantly  decreased 
after  hemorrhage.  Ees  was  significantly  depressed  by  thiopental  at 
HI  and  H5.  Thiopental  significantly  increased  PVR  and  MPAP  at 
H1,H5,  H15  and  MPAP  at  H30.  PCWP  was  significantly  increased  at 

HI  through  H30.  Ded  and  Des  were  significantly  increased  by 
thiopental  at  HI.  HR  and  SVR  were  not  significantly  altered  by 
thiopental.  MAP  was  significantly  increased  at  H5. 


.etamine  groui 


Hemodynamic  and  cardiodynamic  parameters  for  ketamine  are 
presented  in  tables  4  and  5  respectively.  Figure  3  shows  the  PD 
loops  at  baseline  control,  hemorrhage,  and  one  minute  after 
administration  of  ketamine.  Statistically  significant  increases  in  HR 
and  Ees  were  observed  after  hemorrhage.  Cl,  Ded,  and  Des  were 
significantly  decreased  after  hemorrhage.  Ketamine  did  not 
significantly  alter  Ees,  MAP,  MPAP,  HR  or  PCWP.  Ketamine 


significantly  increased  Ded,  Des,  PVR,  and  SVR  at  HI  and  PVR  at  H5. 
Ketamine  significantly  depressed  Cl  and  significantly  increased  SVR 
at  HI. 


DISCUSSION 

The  results  of  this  study  indicate  that  in  hypovolemic  swine, 
myocardiai  contractility  (Ees)  as  assessed  by  the  end-systolic 
pressure-dimension  relationship  (ESPDR)  is  significantly  depressed 
by  thiopental  but  not  by  ketamine.  Both  anesthetics  cause  a 
transient  depression  of  Ees  and  cardiac  function.  Ees  recovers  to  the 
hemorrhaged  state  by  15  minutes  after  thiopental  administration 
while  the  PD  loops  generated  for  both  agents  recover  by  5  minutes. 

The  use  of  ketamine  and  thiopental  for  anesthetic  induction  in 
emergency  surgery  is  well  established.  These  agents  given 
intravenously  in  the  appropriate  doses  act  rapidly  to  produce 
anesthesia.  The  doses  used  in  this  study  have  been  determined  to  be 
anesthetic  in  swine.16  However,  these  anesthetics  have  different 
effects  on  cardiovascular  function  during  normovolemia  and 
hypovolemia.  Thiopental  causes  depression  of  the  myocardium  and 
peripheral  vasculature2'4-8  and  has  similar  effects  during 
hypovolemia.  1 5 •  i 6  Ketamine  increases  heart  rate,  mean  arterial 
pressure,  and  cardiac  output  when  administered  to  normovolemic 
animals7  and  humans.6  Howe  ver,  during  hypovolemia  these 
parameters  decrease.15-16 

Myocardial  contractility  determines  the  strength  of  cardiac 
contraction.  Biochemically  it  represents  the  number  and  tension¬ 
generating  capacity  of  the  rigor  complexes  and  maximal  rate  of 
energy  liberation  in  the  interactions  between  contractile  proteins 
and  ATP.18  Since  loading  conditions  vary  in  hemorrhagic  shock-like 
states,  the  use  of  a  load-insensitive  measure  of  contractility  (Ees)  is 
justified.  Contractility  however,  is  only  one  determinant  of  cardiac 
function.  The  ESPDR  and  PD  loops  provide  an  assessment  of  the 
heart's  coupling  to  the  peripheral  vascular  system.  The  downward 
and  leftward  shift  of  the  PD  loop  with  hemorrhage  indicate 
decreased  LV  pressure,  Des,  and  Ded.  However,  increased 


contractility  as  reflected  by  an  increased  Ees  is  present  as  a  result  of 
physiologic  sympathetic  stimulation.  With  anesthetic  administration, 
the  PV  loops  shift  further  downward  and  to  the  right.  Ees  is 
depressed  indicating  depressed  contractility  and  a  concomitant 
increase  in  Ded  and  Des  is  seen,  reflecting  depression  of  overall 
ventricular  function.  Ees  was  significantly  depressed  by  thiopental 
but  not  by  ketamine.  The  PD  loops  return  to  the  hemorrhaged  state 
by  5  minutes  after  administration  of  both  anesthetics  (figs  2-3). 

The  results  indicate  that  thiopental  significantly  depresses  Ees 
but  not  Cl,  MAP,  or  HR.  Ketamine  did  not  significantly  depress  Ees 
but  did  significantly  depress  Cl  at  1  minute.  Ketamine  also 
significantly  increased  SVR  at  1  minute,  which  would  account  for  the 
decrease  in  Cl.  MAP  and  HR  were  not  altered  by  either  anesthetic 
except  by  thiopental,  which  increased  MAP  at  5  minutes.  However, 
significant  changes  in  these  variables  may  have  occurred  before  1 
minute.  A  depression  of  MAP  and  HR  was  observed  immediately 
following  injection  of  thiopental  and  ketamine,  which  was  maximal  at 
approximately  30  seconds  but  rapidly  recovered  by  one  minute. 
Generation  of  the  ESPDR  required  at  least  10  seconds  and  replicate  CO 
measurements  60  seconds.  Therefore,  obtaining  data  prior  to  one 
minute  was  impossible.  Consequently,  data  was  collected  at  1,  5,  15, 
and  30  minutes.  It  is  possible  that  Cl,  MAP,  and  HR  were 
significantly  depressed  sometime  less  than  1  minute.  Although  MAP 
and  HR  are  not  depressed  by  either  anesthetic,  cardiac  function  as 
demonstrated  by  the  PD  loops  is  (figs  2-3).  Ded  and  Des  are 
significantly  increased  by  both  anesthetics  indicating  decreased 
ventricular  emptying.  Thiopental  but  not  ketamine  increased  PCWP 
without  increasing  Cl,  indicating  reduced  ventricular  compliance  and 
function. 

Our  results  are  similar  to  Weiskopf  et  al  16  and  show  that 
ketamine  and  thiopental  produce  depression  when  both  are  given  at 
similar  anesthetic  doses.  However,  our  results  indicate  thiopental 
may  have  more  depressing  effects  on  the  myocardium  than 
ketamine.  This  would  agree  with  Horowitz8  who  found  that 
thiopental  but  not  ketamine  decreased  (dP/dt)max  in  dogs,  without 
significant  changes  in  LV  pressure. 


The  increase  in  MPAP  by  thiopental  may  have  been  secondary 
to  decreased  LV  compliance,  reflected  by  the  increase  in  PCWP, 
transmitted  back  to  the  pulmonary  circulation.  Another  reason  for 
increases  in  MPAP  and  PVR  may  have  been  a  decrease  in  the  level  of 
anesthesia  resulting  from  the  rapid  redistribution  of  thiopental  from 
the  central  nervous  system.  However,  ketamine  did  not  increase 
PCWP  or  MPAP  but  did  increase  PVR  at  1  and  15  minutes.  Ketamine 
has  been  shown  to  increase  PVR  in  humans19.  This  increase  may 
have  been  due  to  light  anesthesia  as  well.  Ketamine’s  release  of 
catecholamines  with  concomitant  peripheral  vasoconstriction  would 
account  for  the  observed  increase  in  SVR. 

In  conclusion,  we  have  shown  that  both  ketamine  and 
thiopental  depress  myocardial  function  in  a  hypovolemic  swine 
model,  but  thiopental  appears  to  be  more  of  a  myocardial  depressant. 
Both  anesthetics  depress  ventricular  function  with  shifts  of  the  PD 
relationship  and  increases  in  Ded  and  Des.  Cardiac  function  returns 
to  the  hemorrhaged  state  by  5  minutes.  Contractility  is  not  the  sole 
determinant  of  cardiac  function  and  may  not  be  adequate  in 
assessing  ventricular  function  in  hypovolemic  states.  Assessment  of 
the  heart's  interaction  with  the  vascular  system  utilizing  the  ESPDR 
and  PD  loops  may  be  more  useful  in  evaluating  the  effects  of 
anesthetics  in  a  hypovolemic  model. 


Tabie  1 

Mean  weight  and  hemorrhaged  blood  volume 
mean  ±  SD 


weight  (kg) 

Sled  volume 
(ml) 

Bleed/kg 

(ml/kg) 


GROUP 


Thiopental 

19.8  ±  1.8 
154  ±  97 

7.8  ±  4.8 


Ketamine 
20.1  ±  1.7 
156  ±  61 

7.8  ±  3.1 


Table  2 

Hemodynamics  -  Thiopental 
mean  +/-  SD 


Time 

(min) 

BC 

H 

HI 

H5 

H 1 5 

H30 

MAP 

64* 

53 

52 

63* 

59 

61 

(mm  Hg) 

7 

6 

15 

9 

11 

9 

HR 

1 15* 

134 

130 

133 

124 

129 

19 

21 

22 

12 

13 

16 

Cl 

3.1* 

2  .4 

2.2 

2.4 

2.2 

2.3 

(1/min-m2) 

0.5 

0.7 

0.6 

0.7 

0.4 

0.5 

MPAP 

18 

16 

20* 

21* 

19* 

19* 

(mm  Hg) 

5 

4 

5 

7 

7 

5 

SVR 

31 

35 

34 

39 

39 

41* 

(mm  Hg/l/min) 

7 

9 

8 

7 

7 

10 

PVR 

6.2 

8.0 

11.2* 

10.6* 

9.9* 

10  0 

(mm  Hg/l/min 

3.1 

4.1 

6.0 

6.0 

53 

5.0 

PCWP 

6.0* 

4.5 

5.9* 

5.6* 

6.0* 

58* 

(mm  Hg) 

2.7 

1.8 

30 

2.0 

1.6 

1.8 

*  P  <  0.05  when  compared  to  hemorrhage  (II) 


(mm  Hg) 


1.6 


1.8 


1J 


Table  3 

Cardiodynamics  -  Thiopental 
mean  +/-  SD 


Time 

(min) 

BC 

H 

HI 

H5 

H 1 5 

H30 

Ees 

14.7* 

24.8 

17.5* 

17.8* 

22.4 

23.5 

(mm  hg/mm) 

6.0 

12.5 

10.8 

6.1 

12.3 

10.7 

Ded 

26.0* 

23.8 

26.2* 

24.7 

24.9 

24.9 

(mm) 

5.7 

5.6 

6.4 

7.0 

6.4 

68 

Des 

20.5* 

19.4 

22.6* 

20.1 

20.1 

(mm) 

6.4 

6.1 

5.8 

IgfSailigg 

5.8 

6.5 

*  P  <  0.05  when  compared  to  hemorrhage  (H) 
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Table  4 
Hemodynamics  - 
mean  +/- 

Ketamine 

SD 

Time 

BC 

H 

HI 

H5 

H 1 5 

1130 

(min) 

MAP 

58 

52 

54 

55 

57 

60 

(mm  Ilg) 

7 

2 

15 

11 

11 

14 

HR 

107* 

127 

118 

121 

125 

125 

M 

26 

30 

34 

38 

35 

Cl 

2.7* 

2.2 

1.9* 

2.1 

2.1 

2.4 

(l/min-m^) 

0.6 

0.6 

04 

0.4 

0.4 

0.5 

MPAP 

17 

15 

16 

16 

16 

16 

(mm  Hg) 

4 

3 

6 

4 

6 

5 

SVR 

32 

34 

39* 

37 

38 

37 

(mm  Hg/l-min) 

11 

11 

13 

10 

1 1 

1 1 

PVR 

5.9 

5.9 

8.0* 

7.2 

8.0* 

6.5 

(mm  Hg/l-min) 

2.8 

4.1 

4.7 

35 

48 

3.1 

PCWP 

7.9 

6  8 

65 

6.5 

6.5 

66 

(mm  Hg) 

30 

2.1 

1.7 

1.6 

1.6 

1.9 

*  P  <  0.05  when  compared  to  hemorrhage  (H) 
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Table  5 

Cardiodynamics  -  Ketamine 
Mean  */-  SD 


Time 

(min) 

BC 

H 

HI 

H5 

HI  5 

H30 

Ees 

14.0* 

23.7 

17.4 

20.7 

21.6 

24  1 

(mm  Hg/mm) 

5.7 

11.0 

12.1 

10.6 

9.9 

14  4 

Ded 

28.7* 

26.1 

27.9* 

27.1 

26.6 

26.6 

(ram) 

6.7 

7.4 

7.1 

7.5 

7.7 

7.6 

Des 

23.8* 

22.3 

24.1* 

23  2 

22.5 

22.4 

(mm) 

6.9 

8.0 

7.6 

76 

8.0 

7.9 

*  P  <  0.05  when  compared  to  hemorrhage  (H) 
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LEGEND 

Figure  1:  Generation  of  the  end-systolic  pressure-dimension 

relationship  and  calculation  of  contractility  (Ees). 
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LEGEND 

Figure  2:  Pressure-dimension  loops  for  thiopental  at  baseline, 

hemorrhage,  and  one  minute  after  drug  administration. 
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LEGEND 

Figure  3:  Pressure-dimension  loops  for  ketamine  at  baseline, 

hemorrhage,  and  one  minute  after  drug  administration. 
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